Investigation of the DNA target design parameters for effective hybridization-induced aggregation of particles for the sequence-specific detection of DNA.
In a recent publication, we presented a label-free method for the detection of specific DNA sequences through the hybridization-induced aggregation (HIA) of a pair of oligonucleotide-adducted magnetic particles. Here we show, through the use of modified hardware, that we are able to simultaneously analyze multiple (4) samples, and detect a 26-mer ssDNA sequence at femtomolar concentrations in minutes. As such, this work represents an improvement in throughput and a 100-fold improvement in sensitivity, compared to that reported previously. Here, we also investigate the design parameters of the target sequence, in an effort to maximize the sensitivity of HIA and to use as a guide in future applications of this work. Modifications were made to the original 26-mer oligonucleotide sequence to evaluate the effects of: (1) non-complementary flanking bases, (2) target sequence length, and (3) single base mismatches on aggregation response. The aggregation response decreased as the number of the non-complementary flanking bases increased, with only a five base addition lowering the LOD by four orders of magnitude. Low sensitivity was observed with short sequences of 6 and 10 complementary bases, which were only detectable at micromolar concentrations. Target sequences with 20, 26 or 32 complementary bases provided the greatest sensitivity and were detectable at femtomolar concentrations. Additionally, HIA could effectively differentiate sequences that were fully complementary from those containing 1, 2 or 3 single base mismatches at micromolar concentrations. The robustness of the HIA system to other buffer components was explored with nine potential assay interferents that could affect hybridization (aggregation) or falsely induce aggregation. Of these, purified BSA and lysed whole blood induced a false aggregation. None of the interferents inhibited aggregation when the hybridizing target was added. Having delineated the fundamental parameters affecting HIA-target hybridization, and demonstrating that HIA had the selectivity to detect single base mismatches, this fluor-free end-point detection has the potential to become a powerful tool for microfluidic DNA detection.